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STUDIES OF THE LIPIDS OF DOG SKIN
II. Osavios OF TIlE LIPID METAHOLISM OF PERFUSED SURvIvING DOG SKIN*
VICTOR R. WHEATLEY, PH.D.,t DONALD C. CHOW AND FIt&NcIs D. KEENAN, JR., B.S.
In this work the technic of perfusion of surviv-
ing dog skin, as first described by Kjaersgaard
(1) and developed by Bell et al. (2), was used to
elucidate some facets of the lipid metabolism of
the skin.
EXPERIMENTAL
Perfusion
The perfusion technic was the same as described
by Haiprin and Chow (3). Perfusions were per-
formed with either 10 c. C'-sodium acetate or
with 20 c. uniformly labelled C'4-isoleucine added
to the perfusing blood.
Lipid Separations
The lipids were isolated and separations per-
formed essentially as described in the preceding
paper. Fatty acids were separated as their methyl
esters by gas chromatography using an Aerograph
Model A-go-C. Fractions from several runs were
pooled together for radioactive counting. In each
run a sample of approximately 10 mg. of the mixed
esters was introduced into the gas chromatograph
and the various fractions collected as described
by James and Martin (4). For separation of satu-
rated acids only, unsaturated acids were removed
by bromination (cf. 4) prior to gas chromatog-
raphy.
Radioactivity Measurements
The majority of the samples were counted with
the Packard Tricarb Liquid Scintillation Spec-
trometer. Corrections were made for the quench-
ing effects of pigments by using an internal stand-
ard of C14-tripalmitin. The counting efficiency
was 57%. Results were expressed in absolute
(curie) units, the appropriate calibrated standards
being used for this conversion.
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RESULTS
Both acetate and isoleucine are metabolised
by surviving dog skin and incorporated into lipids.
However, with acetate only 0.02%, while with
isoleucine 0.3% of the perfused activity is incor-
porated into the lipids, a difference in magnitude
of some fifteen-fold in favor of the isoleucine. This
difference is confirmed by much higher specific
activity of all lipid fractions, fatty acids as well
as sterols and other non-saponifiable materials.
It is shared by both odd and even chain length
acids.
Acetate incorporation was highest in the poly-
unsaturated C13 acid fraction (linoleic and lino-
lenic acids). Incorporation of C'4-isoleucine was
greatest in the odd-numbered branched chain
acids, the single-branched C13 acid showing an
extremely high incorporation. The corresponding
C17 acid showed the next highest incorporation.
There was also, however, a relatively high incor-
poration in the even-numbered single-branched
acids of chain length C14 and C13 (Table I).
DISCUSSION
The results are in substantial agreement with
the assumption that fatty acids are built up from
a small initial unit by chain elongation with two-
carbon units (acetyl CoA). The initial unit can be
acetate in the case of even-numbered straight-
chain acids (5) and propionate (6) in the case of
odd-numbered straight-chain acids. It has been
suggested that with branched iso- and anteiso-
series of acids the initial unit could be derived
from the amino acids valine and isoleucirie re-
spectively (7) (Fig. 1). Probably the CoA deriva-
tives of these units are utilized in the synthetic
process.
The very poor incorporation of acetate into
fatty acids in our perfusion experiments seems
to indicate that the acetate to acetyl CoA con-
version is a slow and not an easily-performed re-
action under our experimental conditions.
Weitkamp (8) found that in wool fat of sheep
only even-numbered members of the iso-series
and only odd-numbered members of the anteiso-
series were present in the fatty acid fraction. More
recently single-branched chain fatty acids have
been demonstrated also in sebaceous excretions
of other mammals in both the odd and even chain
lengths fatty acid fractions (9 and preceding
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TABLE I
,Specific aclivitl, of various faUy acid jractions from
C'4-isoleucine perfused surviving dog skin*
Nature of Fraction Specific Activity
Miscellaneous
[Jp to C12 19.2
Gaps 10.2
Straight chain acids
Even chain C12 to C18 21.4
Odd chain C15 to Cy 16.2
Branched chain acids
Even chain length
fMono-C14 36.6
Mono-C16 33.1
Mono-C18 4.0
Odd chain length
Mono-C15 318.0
Mono-C17 48.3
Mono-C19 10.2
fPoly-Ci7 and C19 3.7
* The unsaturated fatty acids were removed by
bromination prior to the separation of these frac-
tions by gas chromatography.
t Mono- indicates a single methyl branch; poly-
more than one methyl branch.
paper). Gas chromatographic procedures used
in these newer experiments do not permit separa-
tion of the iso- and anteiso-series. By analogy
with the finding in sheep it can be tentatively
assumed that the even members belong to the
iso-series and the odd members to the anteiso-
series but we have no real proof of this.
The established pathway of isoleucine catabo-
lism and the possible mode of its utilization in
fatty acid synthesis is indicated in Fig. 2. The
metabolite methyl-butyryl CoA could form the
odd-numbered anteiso-series of acids. Further
catabolism of isoleucine would ultimately yield
acetyl CoA and propionyl CoA; the former could
be utilized for chain elongation and general lipid
synthesis, and the latter could give rise to the
odd-numbered straight-chain series of fatty acids.
Evidence for the above pathway is indicated by
our finding that the most active acid isolated is
the single-branched C15 member. The relatively
high activity of the C17 single-branched acid also
supports this view. By analogy with the wool
fat of sheep we may assume that these are anteiso-
acids.
There are several possible explanations for the
moderately high activities of the single-branched
even-numbered C14 and C16 acids which derived
from isoleucine. These will be discussed in the
detailed report.
Relatively little activity was observed in the
highly-branched C17 and C19 acids. Some incorpo-
ration of the isoleucine occured also in the ste:rol
fractions. This probably has taken place via for-
mation of acetyl CoA. There is, however, a pos-
sibility that isoleucine is directly converted into
isoprenoid compounds as was shown to occur with
leucine (10).
The findings presented here indicate that there
are certain specialized processes occurring in the
skin which are probably not shared with other
tissues. In the sebaceous glands appreciable utili-
zation of amino acids (derived from protoplas-
matic proteins of the sebaceous cells) for lipid
synthesis might be expected in preference to
other pathways. This may provide an alternative
explanation of the observed more efficient synthe-
sis of lipids from isoleucine in preference to ace-
tate.
For the study of lipid synthesis in the skin,
acetate is apparently not an ideal starting mate-
rial. It is suggestedthatC'4-glucoseor, evenbetter,
C14pyruvate would be more suited for such in-
vestigations.
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SUMMARY
1. Perfusion of isolated dog skin was used for
a study of the lipid metabolism of the skin.
2. Both C'4-acetate and CIdisoleucine were
incorporated by the surviving skin into the lipids.
With isoleucine 0.3% of the perfused radioactivity
was incorporated into lipids, with acetate only
0.02%.
3. Incorporation into all lipid fractions (fatty
acids, sterols, other non-saponifiable materials)
has been observed. With isoleucine maximum
incorporation has taken place in the single-
branched Cu acid.
4. The iso-branching of valine and anteiso-
branching of isoleucine may serve as a skele-
ton in the formation of iso-and anteiso fatty
acids. Otherwise, the results support the hypoth-
esis that in the synthesis of all fatty acids by
the skin a small initial unit is elongated in a
step-wise process each step of which involves the
incorporation of a two-carbon unit, probably
acetyl CoA.
5. In the surviving dog skin a relatively ineffi-
cient incorporation of Cl4 acetate into lipids was
found, possibly because the conversion of acetate
into acetyl CoA is not easily performed under
these experimental conditions.
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